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Device for measurement and analysis of electrical signals of 
an integrated circuit component 

Cross-Ref erence to Related Application: 

This is a continuation of copending international application 
PCT/DE99/01719, filed June 11, 1999, which designated the 
United States. 

Background of the Invention : 
Field of the Invention : 
The invention relates to a device for electrical measurement 
and analysis of electrical signals which are present at ^ 
circuit points that are not directly accessible in an 
integrated circuit component (IC; integrated circuit; chip) 
which is provided with a large number of connecting contact 
points (pads; pins; balls). 

In order to allow malfunctions and clock concepts to be 
analyzed on integrated circuit components, it is necessary to 
monitor internal -chip signals, that is to say signals which 
are present at inaccessible circuit points within the 
integrated circuit component. In this case, accurate timing of 
the signal monitoring is very frequently important. For 
example, to do this, clocks must be measured with respect to 
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one another, asynchronous signals such as interrupts must be 
measured, and functions must be analyzed as a function of 
asynchronous signals . 

Previous analysis methods have used special analysis equipment 
which is technically extremely complex and is therefore also 
very expensive. For such analysis, the integrated circuit 
component must be opened, and must be prepared for the 
measurements. However, these measures change the electrical 
response of the circuit and, in some cases, it is no longer 
possible to reproduce faults. 

Inaccessible circuit points can also result from the 
definition and design of integrated circuit components. When, 
for example, integrated circuits are mounted in the new, so- 
called BGA (ball grid array) packages, and are then mounted on 
a system board in the system, then the contact points (balls) 
on the BGA package are no longer accessible to the system 
board since the contact points are located on the lower face 
of the package and are thus concealed between the package and 
the system board. It is thus no longer possible to tap off the 



signals at t^e contact points for analysis and test purposes. 
This problem does not occur, for example, when TQPF packages 
are used for integrated semiconductor circuits, since the 
signals can also be tapped off directly at the pins in the 
system. 
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In the case of BGA packages, on the other hand, the most 
important signals are routed to test points on the system 
board, and are routed from there to the connected chip. First, 
this costs space on the respective system board, and this is 
necessarily associated with additional costs, and, second, it 
results in additional complexity for signal extraction, for 
which the corresponding signals must first be routed to the 
surface of the printed circuit board, which in some cases is a 
multilayer board. For these reasons, only a very small number 
of signals are routed to test points, which means that, in the 
event of a fault, it is often impossible to tap off just the 
desired signal . 

Summary of the Invention : 

It is accordingly an object of the invention to provide an 
apparatus providing a technically less complex solution for 
allowing those signals which are present at ijiaccessjJ::iLe. 
circuit points in an integrated circuit component, for example 
internal -chip signals or all the signals, to be monitored at 
the contact points of an integrated semiconductor circuit 
which is enclosed in a BGA package, so that tests and analysis 
can be carried out easily even in mass-produced products that 
have become well known. 
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With the foregoing and other objects in view there is 
provided, in accordance with the invention an integrated 
circuit component that includes a plurality of connecting 
contact points; a plurality of circuit points that are not 
externally accessible and that provide electrical signals to 
be measured or analyzed; and at least one external test 
connecting contact point to which the signals to be measured 
or analyzed can be selectively applied such that the signals 
can be can be passed on via routes within the integrated 
circuit component from said plurality of circuit points that 



are not externally accessible. 



^\*he use of external test connecting contact points allow 
interr:D^ chip signals to be seen and the timing to be 
determined^ccurately . For this purpose, a reference signal ^i^ 
selectively appFi^ such that it can be passed on via a route 
within the component one of the external test connecting 
contact points from a circhit point which is not externally 
accessible, and in that signals\which are to be measured or 
are to be analyzed can in each cases^e selectively applied 
such that they can be passed on via roubes within the 
component to the other test connecting conta^ points from 
circuit points which are not externally accessibj 



The reference signal is thus made available in addition to the 
signal to be analyzed, in order to determine the signal 
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response in the time domain. In order to allow internal -chip 
signals such as clock signals and asynchronous signals to be 
analyzed with accurate timing, at least two external test 
connecting contact points are thus provided according to the 
invention . 



The inaccessible signals may thus be internal chip signals in 
the integrated circuit component, which is designed such that 



4^ these signals, including the reference signals, can be _ 



2 ^ . 

^fl selectively passed on to the external test connecting contact ^ 



V 



-( 



points. ^ 

I. *v 

I However, the inaccessible signals may also be signals which 
I occur at inaccessible contact points in the package of an 
integrated circuit component, in which case these signals, 
including reference signals are selectively passed on to the 
>r^^' test connecting contact points, which are formed by particular 
ones of the contact points. 

In this case, the integrated circuit component package is, in 
particular, a so-called BGA package (ball grid array package) , 
in which those test connecting contact points which are 
provided by contact points (balls) are inaccessible, since the 
contact points are located on the lower face of the package 
and are thus concealed between the package and a system board 
on which the package is fitted. In this case the special 
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contact points to which those signals which are to be measured 
and are to be analyzed, as well as the reference signals, 
which are likewise present at other contact points, are 
selectively passed on, and are electrically conductively 
connected to a corresponding number of metallic test points on 
the system board. 

One or more contact points are thus defined in the BGA 
package, whose signals are seen at test points on the 
customer-specific system board. The signals from all the other 
contact points in the integrated circuit component can be seen 
at these contact points. 

In accordance with an added feature of the invention, a time- 
controlled multiplexing circuit is provided for selectively 
passing on signals in the integrated circuit component. The 
multiplexing circuit enables the various signals which are to 
be measured and are to be analyzed and, if appropriate, the 
respective reference signals, to be passed on to the external 
test connecting contact points. If the time-controlled 
multiplexing circuit is provided in an integrated circuit 
component surrounded by a BGA package, then those contact 
points which are not used as test connecting contact points 
are electrically conductively connected to inputs of the 
multiplexing circuit, whose outputs are electrically 
conductively connected to those particular contact points in 
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the BGA package which form the external test connecting 
contact points. All the contact point signals can then be 
multiplexed as required to the specific test contact points. 
In the past, one signal has always been uniquely associated 
with one contact point, or with a very small number of contact 
points . 

In accordance with an additional feature of the invention, the 
control of the multiplexing circuit, which predetermines the 
selective passing on of signals to the test connecting contact 
points, is programmable. This allows the multiplexing circuit 
to be programmed as required, even during operation. 

In accordance with another feature of the invention, a 
component tester, can be used to analyze the integrated 
circuit component, and to which those signals which are 
respectively present at the test connecting contact points are 
applied for analysis. 

In accordance with a further feature of the invention, the 
integrated circuit component can be directly analyzed in an 
application within a system, in which the signals which are 
present at the test connecting contact points are measured and 
analyzed. In this case, it is also possible to analyze the 
system in which the integrated circuit component is used. 
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In accordance with another added feature of the invention, the 
test connecting contact points can also be used in the 
opposite operating direction for inputting signals to those 
circuit points which are not externally accessible in the 
integrated circuit component (input mode) . 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, an integrated 
circuit component that includes a package; a plurality of 
contact points for connection to an external component and 
disposed on said package; a test contact point for connection 
to the external component and disposed on said package; and a 
multiplexer having an output connected to said test contact 
point and having a plurality of inputs, each one of said 
plurality of inputs connected to a respective one of said 
plurality of contact points. 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

Although the invention is illustrated and described herein as 
embodied in a device for measurement and analysis of 
electrical signals of an integrated circuit component, it is 
nevertheless not intended to be limited to the details shown, 
since various modifications and structural changes may be made 
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therein without departing from the spirit of the invention and 
within the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawings : 

Fig. 1 shows a schematic illustration of an integrated 
electrical semiconductor circuit component (chip) having two 
external test connecting contact points (pins) via which the 
internal chip signals can be monitored; 

Fig. 2 shows, likewise schematically, an illustration of an 
electrical semiconductor chip having two external test pads, 
via which signals from other pads, which are inaccessible 
after installation, in BGA package can be monitored; 

Fig. 3 shows a schematic view of electrical semiconductor 
chips mounted in a BGA package in an overall system; and 

Figs. 4a, 4b and 4c respectively show a view from underneath, 
from the side and from above a BGA package (plastic thin flat 
ball grid array) . 
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Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1 thereof, there is schematically 
shown an integrated semiconductor circuit component (chip) 1. 
The integrated semiconductor circuit component 1 has two 
external test connecting contact points (pins) 2 and 3 via 
which internal -chip signals 4, 5 and 6 can be monitored with 
accurate timing, that is to say signals which are present at 
circuit points that are not directly accessible. For example, 
clocks can be measured with respect to one another, 
asynchronous signals such as interrupts can be measured, or 
functions can be analyzed as a function of asynchronous 
signals. The integrated circuit component 1 therefore has two 
external connecting contact points 2 and 3, since the goal is 
to determine the timing accurately. 

For such a determination process, in addition to the signal to 
be analyzed, at one of the test connecting contact points 2 
and 3, a reference signal is available at the respective other 
test connecting contact point. It follows from this that there 
must be at least two test connecting contact points 2 and 3 
for internal-chip signals 4, 5 and 6 to be analyzed with 
accurate timing. Two multiplexers 7 and 8 are provided as a 
multiplexing circuit for selectively passing on the internal 
chip signals 4, 5 or 6 , and their inputs 9, 10, 11 and 12, 13, 
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14, respectively, are connected to the internal-chip points 

15, 16, 17 and 18, 19, 20, respectively, which carry the 
signals. The outputs 21 and 22 of the two multiplexers 7 and 
8, respectively, are electrically connected to the two 
external test connecting contact points (pins) 2 and 3, 
respectively . 

The process of passing on the signals from the two 
multiplexers 7 and 8 which may, for example, be logic devices 
or tristate devices, is in each case controlled by a control 
register 23 or 24, respectively, which can be programmed via a 
controller, a digital signal processor or a tap controller 
during operation. 

Fig. 2 shows, likewise schematically, an integrated electrical 
semiconductor circuit component (chip) 25 having two test 
contact points (test pads; test balls) 26 and 27 which form 
external test connecting contact points, via which the signals 
from other contact points (pads; balls) 28, which are not 
accessible after installation, in a BGA package can be 
monitored. As shown in three different views in figures 4a, 4b 
and 4c, the contact points 28 to the system board 29 are not 
accessible, since the contact points 28 are located on the 
lower face of . the package and are thus concealed between 

the housing;^3 0' and the system board 29. 
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The signals can thus not be tapped off at the contact points 
28 for test and analysis purposes. As shown in figure 2, a 
multiplexing circuit 31 is provided for selectively passing on 
the signals which are present at the contact points 28, and 
its inputs 32 are connected to the individual contact points 
28 . 

The outputs 33 and 34 of the multiplexing circuit 31 are 
electrically connected to the two external test contact points 
(test balls) 26 and 27, respectively. The process of passing 
on the signals from the multiplexing circuit 31 which, for 
example, may be in the form of a logic device or tristate 
device, is controlled by a control register 35, which can be 
programmed via a controller, a digital signal processor or a 
tap controller during operation. 

Fig. 3 shows a schematic view of integrated semiconductor 
circuit components- 36 and 37 which are each mounted in a BGA 
package in an overall system, which is fitted on a customer- 
specific system board 38. Two metallic test points 39 and 40 
are fitted on the system board 38, and are electrically 
connected to the two test contact points 26 and 27. The 
signals from the two balls, which are defined as test contact 
points 26 and 27, in the integrated semiconductor circuit 
component 36 can be seen at the two test points 3 9 and 40 on 
the system board 38. 
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The signals from all the other contact points 2 8 in the 
integrated circuit component 36 can be seen at these two 
contact points 26 and 27, and thus at the test points 39 and 
40. The process of selectively passing on the individual 
signals in a controlled manner from all the contact points 28 
to the test contact points 26 and 27, respectively, is carried 
out, as shown in figure 1, by means of the multiplexing 
circuit 31. 



